Abstract The aim of the present study was to compare the nutritional, processing and sensory characteristics of low-fat ω-3 enriched fatty acids chicken meat patties (CMP) prepared with the incorporation of 4% linseed flour (T 1 ), 2% canola flour (T 2 ), 3% linseed oil (T 3 ), and 4% canola oil (T 4 ) and to estimate their cost of production. The total fat and crude fiber content was increased (P<0.05) with the incorporation of linseed flour. The emulsion stability and cooking yield was greater (P<0.05) in T 4 among all the treatments. The percent shrinkage was lower (P<0.05) in linseed/canola oil incorporated CMP than their respective flours. The colour and appearance and flavour scores were lower (P<0.05) in canola flour than canola oil incorporated CMP. The texture scores were not influenced (P<0.05) in linseed-and canolatreated products. The overall acceptability was greatest (P<0.05) in T 4 whereas, lowest (P<0.05) in T 2 among all treated products. The cost of production was increased by 3-5% with the incorporation of linseed and canola oil whereas it was almost same for control and linseed flour.
Introduction
Meat has a negative image of high calorie diet, low-fiber and rich in saturated fatty acids and cholesterol, and may lead to increase in the incidence of chronic and degenerative illness especially cardiovascular diseases, colon cancer, obesity etc. However, now it is proved that it is not only the quantity of lipids but the quality with a balanced fatty acids ratio also very important. Various Health Agencies has recommended that the dietary fat intake should be 15%-30% of the total energy out of which 10% energy intake may be contributed by the saturated fatty acids. This was further emphasized that the ratio of polyunsaturated fatty acids (PUFA) to saturated fatty acids (P/S) should be more than 0.4 (Department of Health U. K. 1994; WHO 2003; Simopoulos 2002) . Therefore, different approaches were employed to develop low-fat meat products (Sandrou and Arvanitoyannis 2000) with specific fatty acid composition. These approaches include dietary manipulations of the food animals, trimming of fat in carcasses, replacement of added animal fat with vegetable oil or other non-meat fat in the processed meat products without altering the sensory quality. Moreover, the usage of ω-3 rich fat sources viz olive oil, linseed oil, canola oil etc. for the formulation of processed meat products is being extended.
Canola, linseed and their oil have been used in numerous ways for their medicinal properties from generations. These are known to reduce LDL, bad cholesterol and triglycerides. Canola contains 30% fat, 7% of ALA (alpha linolenic acid; n-3) and 30% of LA (linoleic acid; n-6) whereas linseed has ALA (51.9-55.2%), LA 44.6-51.5% and 21% protein (Erasmus 1987) . In 1985 United States Food and Drug Administration granted GRAS status to canola oil (Mccurdy 1990) for the incorporation in different food products. Various scientists used these ingredients in different meat products such as linseed oil in pork sausages (Valencia et al. 2008) , canola oil in oriental-style pork meat balls (Jose et al. 1996) and canola oil pre-emulsified with soy protein isolate (SPI) in Dutch style fermented sausages (Pelser et al. 2007 ). All the workers found significant effect on PUFA/SFA ratio and ω-6/ω-3 ratio. Moreover, canola and linseed flour are rich source of fiber, which can compensate the dietary fiber requirements. Therefore, the low-fat ω-3 fatty acid and fiber enriched chicken meat patties (CMP) with the incorporation of canola flour and oil, linseed flour and oil were developed and their effect on the processing and sensory quality attributes was studied. Further, the marketability of developed novel product depends upon its cost of production.
Hence, the present study was envisaged with an objective to study the processing, nutritional and sensory quality of developed novel low-fat CMP with lower levels of total fat and SFA, better ratio of n-6/n-3 PUFA and to estimate its cost of production.
Materials and methods
Treatments Chicken meat of spent male broiler fowls (IBL-80) of the age group of 7-9 months was used in the study. The level of incorporation of different additives and formulation was selected on the basis of preliminary trials and previous research in our laboratory (Singh et al. 2010 (Singh et al. , 2011 The standardized formulation (Table 1) of low-fat chicken meat patties with 4% linseed flour (T 1 ), 2% canola flour (T 2 ), 3% linseed oil(T 3 ), and 4% canola oil(T 4 ) was followed. Both the flours were added with the replacement of lean meat whereas oils were added as a replacement of added fat (5% refined soyabean oil) in the formulation. All the ingredients, spices and condiment mix were used in the study were purchased from the local market. Eighty gram patty was moulded in a moulder of dimensions 76 mm diameter and 17 mm height. The patties were cooked in a pre-heated hot air oven (Narang Scientific Works, New Delhi, India) at 185±5°C for 20 min as per standardized methodologies by Singh et al. 2010 . The products were cooled and samples were drawn for the analytical and sensory quality evaluation.
pH and proximate analysis The pH, moisture, protein, fat, crude fiber and ash content of CMP were determined by standard methods using combined glass electrode of an digital pH meter (SAB 5000, LABINDIA, Mumbai, India), hot air oven (Narang Scientific Works, New Delhi, India), Kjeldahl assembly (Jain Scientific Glass Works, Ambala, India), Soxhlet apparatus (Jain Scientific Glass Works, Ambala, India), crude fiber assembly and muffle furnace (LABCO India Limited, Ambala, India), respectively (AOAC 1995).
Emulsion stability and cooking yield Emulsion stability and cooking yield of CMP was determined following the standard protocols and expressed as percentage of the cooked meat.
Dimensional parameters The dimensional parameters viz. percent gain in height, decrease in diameter and percent shrinkage were measured with the help of vernier caliper and determined according to the standard equations (El-Magoli et al. 1996) Peroxide value The method as described by Koniecko (1979) was used and results were expressed as meq/kg of the meat.
Energy/Calorie value Estimates of total calories in cooked CMP were calculated on the basis of 100 g portion using atwater values for fat (9 kcal/g), protein (4.02 kcal/g) and carbohydrate (4 kcal/g). The calories contributed by additives were based on the level of incorporation and composition. An analysis of the percentage of carbohydrate in the meat samples was not performed therefore, the calorie values were estimates and not actual values.
Sensory evaluation A seven member sensory panel selected from the students and faculty of GADVASU, evaluated the samples for the attributes; appearance and colour, texture, flavour, juiciness and overall acceptability using 8-point descriptive scale (Keeton 1983) , where 8 = extremely desirable and 1=extremely undesirable. The samples were presented to the individual panelist in isolation. The samples were warmed in a microwave oven for 20 sec before serving to the sensory panelists and drinking water was provided to rinse the palate in between the sample analysis.
Cost of production To estimate accurate cost of production of CMP under commercial conditions, the expenditure incurred in terms of recurring and non recurring items, the capital invested and its interest, labour charges, depreciation on machineries, water and electricity charges, rent paid and over head expenses were taken under consideration in addition to cost of ingredients. As the study was conducted in the laboratory of Department of Livestock Products Technology, GADVASU, Ludhiana. Therefore, the capital investment and its interest and building rent were not previewed, however the overhead expenses including depreciation of machineries were taken into account. The dressed chicken carcass was purchased from university poultry farm whose price is fixed by the committee on the basis of prevalent market price.
Statistical analysis Data were analyzed statistically on 'SPSS-12.0' software packages (SPSS Inc. Chicago, IL, USA) as per standard methods (Snedecor and Cochran 1994) . Duplicate samples were drawn for each parameter and the experiment was repeated thrice (n=6). The cooking yield and dimensional parameters of the chicken meat patties were recorded for 8 samples and the experiment was repeated three times i.e. n=24. Sensory evaluation was performed by a panel of seven member judges for three times, so total observations being 21 (n=21). Data was subjected to analysis of variance and means were compared by critical difference tests.
Results and discussion
The comparative evaluation of the physicochemical characteristics including proximate analysis, processing parameters and sensory attributes of the chicken meat patties incorporated with selected optimum levels of 4% linseed flour (T 1 ), 3% linseed oil (T 3 ), 2% canola flour (T 2 ) and 4% canola oil (T 4 ) was carried out with control patties (5% refined soybean oil) and the results were statistically analyzed and tabulated in Table 2 and 3. Table 2 revealed that the highest pH among raw emulsions was recorded for T 3 . The change in pH of the emulsion with respect to linseed oil might be attributable to higher pH of linseed oil which is in the range of 7.8±0.01. However, the product pH remained comparable in all the treatments irrespective of the type of the flour or oil. In general, the pH of cooked patties increased from raw emulsion pH due to concentration of the components in products with moisture loss during cooking. The mean moisture percent did not show any significant (P<0.05) change in all the cooked products. The fat content was recorded highest for T 1 which was significantly (P<0.05) higher than treatments and control. This might be due to the fact that linseed flour comprises of 35% fat (Berglund 2002 ) and canola flour of 30% fat (Erasmus 1987) . Both the flours were added as a replacement to the lean meat content whereas oils were added as a partial replacement of added fat (refined soyabean oil). It was further observed that the total fat content in all the products remained well below the threshold level of low-fat meat products (<10% total fat; Keeton 1994). The protein content was significantly (P< 0.05) higher in CMP incorporated with canola flour (T 2 ) than control and other treatments. It may be attributable to the higher proteins in canola flour (Fonnesbeck et al. 1984) . The change in the protein content of processed product with the incorporation of the non-meat ingredients was observed by various workers (Muguerza et al. 2001; Kumar and Sharma 2004a, b; Nissar et al. 2009 ). Total crude fiber content varied significantly (P<0.05) with the incorporation of canola and linseed flour in the CMP. The maximum crude fiber content was measured for the CMP fortified with linseed flour and subsequently in chicken meat patties with canola flour and minimum for the control chicken meat patties. The significant (P<0.05) change in the crude fiber content was due to the composition and level of incorporation of linseed and canola flour in chicken meat patties. It was further confirmed by the documented reports on composition of linseed and canola flour which reported 41% and 8.6% of the crude fiber, respectively (Berglund 2002; Fonnesbeck et al. 1984) . The mean moisture protein ratio and peroxide value remained comparable irrespective of the type and quantity of the added fat in the product. Our results are in consonance with the findings of Turp and Serdaroglu (2008) and Pelser et al. (2007) in the different 
Physicochemical characteristics Perusal of
processed meat products with different types of added fat.
The peroxide values of the CMP had no difference but lowest peroxide value was recorded for the T 2 and T 4 incorporated with canola flour and oil. It might be due to the innate quality of canola oil to resist the oxidation (Wanasundara and Shahidi 1994) . The calorie content was recorded significantly (P<0.05) higher for T 1 and T 2 than T 3 , T 4 and control, might be due to the higher fat percent in these patties. However, the increase in calorie content was less than 4% in CMP with linseed and canola flours.
Processing quality The emulsion stability and cooking yield (Table 3) were recorded highest for treatment T 4 , which were significantly (P<0.05) better than T 2 , T 3 and control. It may be due to better protein-fat interaction and gel formation with canola oil. The moisture and fat retention was also recorded better for T 4 (data not presented here). The dimensional parameters were significantly (P< 0.05) influenced with change in the type of added fat. The percent gain in height was higher in T 2 than T 1 and it was recorded highest for T 4 , which was significantly (P<0.05) better than all the treatments and control. It might be due to enhancement in the swelling nature of CMP and refined wheat flour used as binder in the formulation with the incorporation of canola oil. The minimum shrinkage percent was recorded for T 4 however, it was comparable to T 3 and control. The literature is almost silent on the effect of linseed and canola flour/oils on the processing characteristics of meat products especially chicken meat patties.
Sensory quality Sensory attributes (Table 3) varied significantly (P<0.05) for all the attributes except texture of the product. The colour and appearance scores were recorded minimum for the canola flour (T 2 ) and maximum for control patties however, these were comparable in control and CMP incorporated with linseed and canola oil. The lower colour and appearance scores for T 2 were due to dark brownish colour of the canola flour, which significantly (P<0.05) deteriorated the consumer acceptance. The colour and appearance scores with linseed flour were better because product incorporated with aforesaid flour had lighter appearance than product with canola flour. Similarly, flavour scores were also minimum for T 2 . The sensory panelists awarded lower flavour scores to CMP incorporated with linseed oil, might be due to strong odour of the linseed oil. Similar findings were observed by Vereshagin and Novitskaya 1965; Valencia et al. 2008 . The sensory panel rated all the products comparable with respect to texture however, the juiciness was significantly (P<0.05) higher for CMP with oils (T 3 and T 4 ). This might be due to more water adsorption by the flour than oil (Kumar and Sharma 2004a, b) . The overall acceptability scores for T 4 and control were comparable and were significantly (P<0.05) better than other treatments. The sensory panelists rated CMP with canola flour as poorest amongst all the treatments. Therefore, the authors recommended that this product need further improvement in its sensory attributes before final marketing. The ω-3 fatty acid content was recorded highest for T 3 whereas n-6/n-3 ratio was recorded minimum for T 3 and highest for control (data not presented, Singh et al. 2010 Singh et al. , 2011 . Therefore, nutritionally superior with comparable sensory attributes low-fat ω-3 fatty acid enriched CMP can be successfully prepared with the incorporation of linseed flour (4%) and linseed oil (3%) and canola oil (4%).
Cost of production The total cost of production of CMP was combination of expenditure incurred for formulation or recurring cost and overhead or non-recurring cost. The formulation costs include price of lean meat, additives, spice mix, condiment mix. The final cost of production of cooked products was calculated on the basis of their average cooking yield of control as well as developed patties (Table 3) . Whereas, the overhead costs including labour charges, depreciation on machinery, water and electricity charges were taken as overhead expenditure in addition to cost of ingredients. The cost analysis revealed that formulation cost forms 88.16% of expenses, whereas the overhead expenses were 11.84% of total cost of the product. The production cost of ω-3 enriched CMP incorporated with linseed flour was calculated as minimum and CMP with 4% canola oil as maximum. The increase in cost of production of chicken meat patties from the control was only 2.93% for linseed oil and 5.43% for canola oil incorporated CMP, however the cost of production of CMP incorporated with linseed flour was decreased by 0.78% from the control.
Conclusions
The present day consumers are health conscious and demand nutritious and reasonably priced food items.
